Background: Preterm labor (PTL) is responsible for most cases of neonatal death. In most of these cases, the causes of PTL have not been established although several risk factors have been described. Therefore, the aim of this study was to investigate risk factors for PTL before 37 gestational weeks among Egyptian women. Methods: In this case-control study, 117 pregnant women without risk factors for PTL were chosen. The control group (n ¼ 45) had term labor (gestational weeks ! 37 weeks), and the case group (n ¼ 72) had PTL (gestational weeks < 37 weeks). The two groups were screened for urinary and vaginal infections. The role of different demographic characteristics, patient history, and clinical signs were also investigated. Results: Several risk factors were identified in this study, including age < 20 years, nulliparity, previous abortion and previous preterm birth, menses vaginal bleeding, a vaginal pH > 5, a positive whiff test, Trichomonas vaginalis infection, Mycoplasma hominis infection, coryneforms heavy vaginal growth, and any vaginal growth of Gram-negative bacilli. Urinary tract infection with any colony count was not associated with PTL. Conclusion: Our study demonstrated that the main risk factors for PTL were vaginal infection with T. vaginalis, M. hominis, coryneforms, and Gram-negative bacilli, and their determinants (vaginal pH > 5, positive whiff test, heavy vaginal bleeding). Both young age (< 20 years) and poor obstetric history were also the risk factors. Therefore, screening for genitourinary tract infections is strongly recommended to be included in prenatal care.
Introduction
Preterm labor (PTL) is labor which occurs before 37 completed weeks of gestation and can lead to preterm birth (PTB). PTB causes most of neonatal deaths and different forms of neonatal morbidities. 1 The causes of PTB in most cases have not been established although several risk factors have been identified. 2 These factors include: (1) poor socioeconomic status and low education level 3 ; (2) maternal age of < 20 years and > 35 years 4 ; (3) heavy manual work 2 ; (4) cervical incompetence, multiple gestations, previous abortion, previous PTB 2, 4, 5 ; and (5) genitourinary tract infections. 1 Genitourinary infections usually lead to PTB. Because many of these infections are asymptomatic, underestimation of their importance may have been occurred. 1 Furthermore, few studies focusing on these infections were conducted in Egypt, and they investigated only one infection in relation to PTB, such as chlamydia, 6 bacterial vaginosis, or urinary tract infection. 7, 8 In the present study, we screened women in term labor (TL) and PTL for the presence of urinary and vaginal infections to examine their association with PTL. In addition, the role of different demographic characteristics, patient history, and clinical signs were also investigated.
Methods

Study population
This case-control study was performed involving Egyptian women who were in labor and admitted to the Department of Obstetrics and Gynaecology, Kasr Al Aini hospital, Cairo, Egypt. The women were enrolled during a 7-month period from December 2009 to June 2010. For purposes of this study, labor was defined as at least three uterine contractions in 10 minutes or 2e3-cm cervical dilatation. 9 The study population (PTL group) consisted of 72 women admitted for PTL (< 37 gestational weeks) with or without preterm premature rupture of membranes (PPROM). The control group (TL group) consisted of 45 control women admitted for TL without any complications of pregnancy such as PPROM, preterm contractions, or vaginal bleeding (! 37 gestational weeks). The gestational age was based on the last menstrual period combined with ultrasonographic data, if present.
The study was approved by Kasr Al Aini hospital ethical committee (992009).
Exclusion criteria
Women with any of the following risk factors for PTL were excluded from the study: age < 15 years, placenta previa and abruptio placentae, multiple gestations, hydramnios, congenital malformation, intrauterine fetal death, intrauterine growth retardation, medical complications requiring long-term or intermittent medications as insulin-requiring diabetes mellitus, chronic hypertension and maternal cardiac disease, preeclampsia, pregnancy-induced hypertension, erythroblastosis fetalis, Rh isoimmunization, renal disease with a baseline creatinine level of > 2.0, autoimmune disease requiring steroids, cervical cerclage, uterine fibroids, abdominal trauma, in vitro fertilization, clinically evident herpes simplex virus, and treatment with antibiotics or vaginal douches/pessaries within 4 weeks of enrollment. These factors were chosen based on their association with medically-induced preterm delivery. Therefore, this exclusionary regimen facilitates the ability to study the presence of infection as a sole risk factor in PTL. A gynecologist was responsible for the inclusion/exclusion of study participants by applying the suitable medical examination or questionnaire.
Data collection
A written questionnaire was filled out by a staff nurse prior to sampling, focusing on patient demographic characteristics (gestational age, race, age, weight, height, nonprescription drug use, prenatal care received, working during pregnancy, smoking, coffee consumption, education, yoghurt consumption, contraception use, and use of vaginal douches during pregnancy), pregnancy history (parity, gravidity, previous abortions, and previous PTB), medical complications (anemia, vaginal bleeding during pregnancy, urinary tract infection, and other infections), and results of speculum examination, done at the time of sampling (presence of vaginal discharge, other signs of infection as erythema, bleeding, vaginal pH, and the whiff test result).
Sampling
Vaginal swabs were obtained by the attending physician prior to vaginal examination, and urine samples were collected by the participants themselves. All specimens were transported to the laboratory and processed within 18 hours of collection by a microbiologist who was blinded to the group of participants. 10 
Vaginal swab samples
A total of five swabs were obtained from each woman. The first one was used for group B streptococci screening, as previously described. 11 The other four swabs were used for screening other genital infections using an unmoistened sterile speculum. Two of these swabs were placed separately into Amies transport medium (Oxoid Ltd., UK) for microbial biochemical identification. The third swab was returned to its plastic tube containing no transport medium for molecular identification tests. Finally, the final fourth swab was used for Gram stain scoring of vaginal sample, pH determination, and whiff test.
2.4.1.1. Isolation and identification of vaginal microorganisms 2.4.1.1.1. Group B streptococci. The swab was inoculated into selective Todd Hewitt broth supplemented with 15 mg/mL nalidixic acid, 10 mg/mL colistin, CNA supplement (as directed), and 10 mg/mL yeast extract (LIM broth); all the media were purchased from Oxoid Ltd., UK. Next, the broth was subcultured to a 5% sheep blood agar (SBA) plate. All cultures were incubated following appropriate atmospheric conditions. 11 Suspected colonies were tested using Streptococcal grouping latex test, according to manufacturer's instructions (Oxoid Ltd., UK).
2.4.1.1.2. T. vaginalis detection. One of the swabs, placed in Amies medium, was inoculated into a modified thioglycolate medium (Oxoid Ltd., UK), incubated aerobically at 35 C for 7 days, and examined daily for characteristic motility. 12 The other swab, placed in Amies medium, was used to inoculate SBA, MacConkey agar, Sabouraud dextrose agar, and Rogosa agar (All were from Oxoid Ltd., UK) to isolate aerobic bacteria, facultative Gram-negative bacilli, yeast species, and lactobacilli, respectively. All inoculated media were incubated according to the recommended conditions. Only colonies growing in the third or fourth streak were identified as they indicate a change of vaginal flora to heavy growth of this microorganism(s). 13 2.4.1.1.3. Molecular identification testing. Polymerase chain reaction (PCR) was used for the detection of Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma hominis, M. genitalium, and Ureaplasma. The genomic DNA was extracted from the swab using the QIAamp DNA Mini kit (Qiagen, Germany), according to the manufacturer's instructions.
PCR was subsequently performed, as described previously.
14e19 Table 1 summarizes the sequence of primers used for detection of each microorganism and the expected amplicon size. The positive samples in genus-specific PCR for mycoplasmas and ureaplasmas were further tested for M. genitalium, M. hominis, and Ureaplasma.
2.4.1.2. Gram stain scoring of vaginal sample, pH determination, and whiff test. The final fourth swab was rolled over a glass slide which was Gram stained and scored as described previously. 20 Clue cells were also recorded. The same swab was then touched to a pH paper (Whatman narrow range pH paper 4e6, with discrimination of 0.5, UK) for the determination of the vaginal pH, and a drop of 10% potassium hydroxide was placed on it (whiff test). A fishy amine odor was recorded as a positive whiff test.
Bacterial vaginosis (BV) was also diagnosed using the Amsel's composite criteria, which suggests that BV should be suspected if three or more of the following criteria were present: homogeneous vaginal discharge, elevated vaginal pH > 4.5, production of amine odor in whiff test, and presence of clue cells. Women with less than three of the criteria were considered as normal. 21 
Urine analysis
Each woman was instructed by a staff nurse regarding the proper collection of the urine sample. The urine was cultured by the surface streak method on two SBA plates and two MacConkey agar plates using 1-mL and 10-mL plastic calibrated loops (Pbi, Italy), incubated aerobically for 48 hours at 35e37 C. 22 Only plates with ! 10 colonies were considered. 23 The counts were calculated as colony forming units (CFU)/mL and were placed in one of the following groups: no growth to < 10 3 , ! 10 3 to < 10 4 , ! 10 4 to < 10 5 , and ! 10 5 . Only growth of one or two isolates of possible uropathogens at a concentration of ! 10 3 CFU/ml was considered, and these isolates were identified. Cultures growing ! 3 isolates or any urethral nonuropathogen flora (diphtheroids, viridans streptococci, lactobacilli, coagulase-negative Staphylococci other than Staphylococcus saprophyticus, and Bacillus spp.) were not identified. 24 Different biochemical tests were used for microorganism identification including colony characteristics, Gram stain and wet mount, catalase test (3%), growth on Mannitol salt agar (Oxoid, UK), Dry Spot Staphytect Plus kit (Oxoid, UK), disk susceptibility with Polymyxin B (300 units, Oxoid, UK) and Novobiocin (5 mg, Oxoid, UK), oxidase sticks (Oxoid, UK), RapID STR system (Remel, USA), RapID CB plus system (Remel, USA), RapID ONE system (Remel, USA), and RapID SS/u system (Remel, USA). All tests were done according to the manufacturer's instructions. Thereafter, the germ tube test was performed for identification of Candida albicans. 22 
Statistical analysis
The tests of two or more proportions were done using Fisher's exact test. The p values were from two sample-tailed tests (http://www.physics.csbsju.edu/stats/exact.html). Analysis of variance test was used to compare continuous data, such as age and weight between different groups, by the Excel program after checking data normality using a studentized range test. Odds ratio (OR) and 95% confidence intervals (CI) were also calculated for different bacterial forms that were significantly associated with PTL (http://vassarstats.net/). A p value < 0.05 was considered significant.
Results
There was no significant difference in the pregnancy outcome based on the most tested demographic characteristics (data not shown). In addition, there was no significant difference in the mean age, weight, or height between the PTL group and control (TL) group ( p > 0.05) as shown in Table 2 ; however, 28.36% of the total PTL women were aged < 20 years compared with only 9.3% of the TL group ( p < 0.05). Table 1 Primer sequences used in PCR identification of pathogenic microorganisms and their corresponding amplicon size. 
Pregnancy history
The PTL group showed a significantly higher number of nulliparous women than the TL group (9.72% vs. 0%, p < 0.05). This group also recorded significantly higher frequencies of both previous PTB and abortions, excluding primigravidas, than the TL group ( p > 0.05 vs. p < 0.01), as indicated in Table 2 .
Medical complications
Only menses vaginal bleeding during pregnancy was significantly more common in the PTL group than in the TL group (15.15% vs. 2.27%, p < 0.05; Table 2 ). However, other tested medical complications were comparable between the two groups (data not shown).
Speculum examination
The presence of vaginal discharge or other signs of infection, such as bleeding, erythema, eruptions, warts, ulcerations, or inguinal adenopathy, on speculum examination did not differ significantly between the two groups ( p > 0.05) (data not shown). A vaginal pH of > 5 (very abnormal pH) was significantly more common in the PTL group than in the TL group ( p < 0.05; Table 2 ). A positive whiff test was significantly more common in the PTL group than in the control group ( p < 0.01; Table 2 ).
Microbiology
Identification of vaginal microorganisms
N. gonorrhoeae and M. genitalium were not detectable; thus, they were not considered further. The isolation of group B streptococci, C. trachomatis and Ureaplasma was comparable between the two groups ( p > 0.05; Table 3 ). Vaginal infection with T. vaginalis was significantly more common in the PTL group than in the TL group (49.21% vs. 28.89, p < 0.05; Table 3 ). There was a two-fold increase in the risk of PTL in the group infected with T. vaginalis compared with the noninfected group (OR ¼ 2.38, 95% CI ¼ 1.06e5.37, p < 0.05; Table 4 ). M. hominis was significantly more detectable in the PTL group ( p < 0.05; Table 3 ).
Except for coryneforms, the heavy vaginal growth of aerobic microorganisms was similar between the two groups ( p > 0.05; Table 3 ). Only coryneform heavy vaginal growth was significantly more common in the PTL group than in the control group ( p < 0.01; Table 3 ). There was a 20-fold increase in the risk of PTL in the group with heavy vaginal growth of coryneform compared with the group that did not show such growth (OR ¼ 20.64, 95% CI ¼ 1.19e356.58, p < 0.05; Table 4 ). When considering any vaginal growth of Gram-negative bacilli and not only heavy growth, this type of growth was significantly more common in the PTL group than in the TL group ( p < 0.05; Table 3 ). There was a two-fold increase in the risk of PTL when taking into consideration any vaginal Gram-negative bacilli infection compared with the group showing no such infection (OR ¼ 2.4, 95% CI ¼ 1.1e5.2, p < 0.05; Table 4 ).
Gram staining of vaginal smears
There was no significant difference in the vaginal grade, the presence of clue cells, or BV diagnosed by the Amsel method between the PTL and TL groups (data not shown).
Urinary tract infection
The urine samples colony count did not differ significantly between the two groups ( p ¼ 0.129; Table 3 ). All detected uropathogens were comparable among the two groups (data not shown).
Discussion
Several factors have been documented to be associated with PTL. However, only a few of these factors were found to be associated with PTL in this study, which further highlighted their importance. These factors included women aged < 20 years, as noted in other studies. 4 A plausible biological explanation may be incomplete maternal physical growth and relative malnutrition. 25 On the contrary, women aged > 35 years, associated with PTL in the same study, 4 were not associated with PTL in this study. This may be due to the small number of women in this age group who were included in the study (3 women in each of the TL and PTL group) or that the risk in this age group arose from the presence of chronic diseases where women with chronic diseases were excluded in our study. 25 As recorded previously, there was an association between nulliparous women as well as previous preterm delivery or previous abortion and PTL. 5, 25 This may be due to the presence of complications during childbirth in nulliparous women, such as obstructed labor, or due to an increased risk of uterine infection during a prior abortion that can lead to PTB. 25, 26 Furthermore, in accordance with the results of earlier studies, intense vaginal bleeding (not spotting) was highly associated with PTL. The association between vaginal bleeding and PTL may be due to the consequent thrombin production, which stimulates uterine contractions as well as proteolytic activity that can lead to PPROM. In addition, this bleeding may be an indicator of infection or inflammation. 27 As demonstrated in other studies, vaginal pH > 5 was associated with PTL. This may be due to the fact that elevated pH is a sign of inflammation or infection of the endometrium or amniotic fluid with subsequent PTL. 28 Some studies have suggested an association between BV and PTL due to released proteolytic enzymes and elevated pH, which can increase the risk of BV by 10-fold. 29 The detection of BV did not differ significantly between the two groups. Similar results were reported by Discacciati et al 30 and Verstraelen et al. 31 However, several tested bacterial species were found to be associated with PTL namely T. vaginalis, M. hominis, and coryneform bacteria. Furthermore, similar results were previously reported.
31e33 Group B streptococci were suspected of being associated with PTL; however, this was not the case in our study as well as in some other studies.
30e34 As only one chlamydial infection was detected in the PTL and TL groups, this study cannot be relied upon to help prove the association between PTL and chlamydial infection.
This study results also do not support the claimed association between Ureaplasma urealyticum and PTL. 35 On the contrary, this study recorded a higher prevalence of these species in the TL than in the PTL group, which may be due to the fact that 60% of healthy women carry U. urealyticum in their urogenital tract. 36 All heavy growing aerobic bacteria, except coryneforms, were not associated with PTL. Gramnegative bacilli were associated with PTL when any growth (whether heavy or not) was used in statistical analysis. This supports the claim that Gram-negative bacilli are important placental pathogens responsible for subclinical chorioamnionitis and PTB. 33 Consistent with other studies, we found no significant association between Candida infection and PTL. Also, lactobacilli, which are the predominating genus in vaginal microbiota and play an important role in maintaining the natural healthy balance of these organisms, were found to play a role in PTL risk. Their absence was associated with PTL in some studies but not in this study and other studies. 12, 24 This may be attributed to other factors that have not been addressed in this study, such as the diversity of lactobacilli which affects pregnancy duration. 37 Most studies recommend considering a urine culture with more than 10 5 CFU/mL as indicative of the presence of urinary tract infection in PTL women. 38 In our study population, none of the tested urine culture count criteria was significantly associated with PTL, although a urine culture colony count of more than 10 5 CFU/mL was detectable only in the PTL group. This may be due to the fact that low-count bacteriuria might be an early phase of urinary tract infection but not a true infection and due to the lower number detected of ! 10 5 CFU/mL in PTL group (8.33%). 39 There were several limitations to this study. First, it is a one-hospital study and therefore, may not reflect the true Egyptian population. Second, screening for other infections associated with PTL, such as hepatitis B, HIV, and syphilis, were not conducted in our study. 1 In conclusion, although several factors were considered as risk factors for PTL, only a few of them were significantly associated with PTL in this study. Most of these factors could be attributed to suspected infection. However, special attention should be given to nulliparous women, women showing signs of vaginal infection such as bleeding, and high vaginal pH. Infection control during abortion or labor is required to avoid its adverse effect on subsequent pregnancies. Therefore, it is recommended to detect and treat infections with T. vaginalis, M. hominis, Gram-negative bacilli, and coryneform bacteria to avoid their effect on pregnancy outcome in this population. Larger studies on Egyptian women are needed to support our findings. This study raises a question about other documented risk factors which were proved not to be associated with PTL in this study, such as infection with group B streptococci and U. urealyticum. These factors need to be reevaluated to determine if any other associated conditions and mechanisms are responsible for their previously recorded association with PTL rather than the infection itself.
